Attorney Docket No.:038741.50233US 

PATENT 

REMARKS 

Claims 1-9 have been rejected under 35 U.S.C. 103 as unpatentable over 
Pillhoefer et al. U.S. Patent No. 6,120,843 in view of Benden et al. U.S. Patent No. 
4,148,275 as indicated at the bottom of page 2 and at pages 3 and 4 of the patent 
Office Action. Applicants traverse this rejection and the grounds that U.S. Patent 
No. 6,120,843 to Pillhoefer et al. is only available as prior art under 35 U.S.C. 102(e) 
and, in accordance with 35 U.S.C. 103(c) a subject matter developed by another 
person which qualifies as prior art only under subsections (e), (f) and (g) of section 
102 shall not preclude patentability where the subject matter and the claimed 
invention were, at the time, the invention was made, owned by the same person or 
subject to an obligation o£ assignment to the same person. 

The present application as well as the reference to Pillhoefer et al. U.S. 
Patent No. 6,120,843 were both based on an employed-invention assigned onto MTU 
Aero Engines GmbH. The former name of MTU Aero Engines GmbH was MTU 
Motoren- UND Turbinen-Union Miinchen GmbH as indicated at No. 50 on the 
attached copy of the Official Register of Trading Companies related to MTU Aero 
Engines GmbH and was changed to MTU Aero Engines GmbH (See No. 57) on 
September 7, 2000. With respect to qualifying as prior art under 35 U.S.C. 102(a), 
Applicants submit that the Pillhoefer et al. reference was not patented or described 
in the printed publication before the invention of the present invention. The present 
application has a priority date of July 27, 2000 based on German Application 100 36 
620.1-45 which proceeds the patenting date of September 19, 2000 for U.S. Patent 
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No. 6,120,843. In other to perfect this priority, Applicants are submitting herewith 
a certified translation of German Patent Application 100 36 620.1. 

Therefore, as the reference to Pillhoefer et al. is only available as prior art 
under 35 U.S.C. 102(e) and because both Pillhoefer et al. and the present 
application were, at the time the invention was made, owned by the same person or 
subject to the obligation of assignment to the same person, Applicants respectfully 
request that this application containing claims 1-9 be allowed and be passed to 
issue. 

If there are any questions regarding this amendment or the application in 
general, a telephone call to the undersigned would be appreciated since this should 
expedite the prosecution of the application for all concerned. 

If necessary to effect a timely response, this paper should be considered as a 
petition for an Extension of Time sufficient to effect a timely response, and please 
charge any deficiency in fees or credit any overpayments to Deposit Account No. 05- 
1323 (Docket #038741. 50233US). 



CROWELL & MORING, LLP 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 
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October 29, 2003 



Registration No. 26,160 
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3. That I translated the Patent Application, File Number 100 
36 620.1, with the title 

METHOD AND r ROODfl g FOR CHROMIZING AN INTERIOR SURFACE 

OF A COMPONENT 
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That the attached is a correct English translation of the 
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PROCESS AND DEVICE FOR CHROMIZING AN INTERIOR 'SURFACE OF A 
COMPONENT 

The invention relates to a process and a device for 
chromizing an interior surface, particularly a cavity, of a 
metallic component . 

For saving weight or for cooling, metallic components, such 
as turbine blades of industrial gas turbines or aircraft engines, 
may have a hollow construction and have a cavity with an interior 
surface. Because of the risk of corrosion or sulfidizing, the 
interior surface has to be chromized by sulfur in the case of 
turbine blades . 

A so-called powder pack process is known for chromizing the 
interior surface of the cavity of turbine blades, in which a 
powder mixture consisting of A1 3 0 2 , chromium and an activator, 
such as NH4CI , is filled into the cavity. When heating the 
powder mixture while feeding hydrogen, chromium separates while 
forming a chromium-containing diffusion layer. A disadvantage of 
this process is the feeding and removing of the powder mixture 
into and from the cavity. During the feeding, the complete 
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covering of the interior surface of the cavity required for 
forming a closed diffusion layer presents problems, particularly 
in the case of complicated geometries or sharp edges. According 
to the process, the so-called powder pack is difficult to remove 
from the cavities without any residue. Powder residues 
frequently adhere to the interior surface of the cavity. 

It is an object of the present invention to provide a 
process of the initially mentioned type, in which the interior 
surface to be coated does not have to be brought in contact with 
a powder forming the coating gas. Furthermore, a device for 
chromizing an interior surface of a component is to be created. 

Concerning the process, the solution is characterized by 
making available a mixture of chromium granulates and an 
activator; 

heating the mixture to a temperature so that a coating gas 
is formed which comprises an essentially gaseous CrCl; 
discharging the coating gas; 

acting upon the interior surface of the component by means 
of the coating gas while forming a chromium-containing diffusion 
layer . 

The advantage of the process consists of the fact that the 
coating of the interior surface of the cavity takes place in the 
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gaseous phase and, at the beginning of the process, the feeding 
of a powder mixture as well as, after the implementation of the 
coating, the removal of the powder pack is eliminated. In 
addition no remnants of power residue can adhere to the coated 
surface of the cavity. The mixture, which essentially consists 
of granulates, for example, having a particle size of from 5-20 
mm, can be processed more rapidly and economically than a power 
mixture consisting of a dispenser powder and a filling powder for 
preventing a sintering. The granulates do not cause any clogging 
which could hinder the discharging of the "coating gas. In 
addition, the granulates are degraded successively and do not 
have to be exchanged after each coating process, like a powder. 

The mixture may be made available with approximately 99% by 
weight chromium granulates and approximately. 1% by weight 
activator, in which case, for example, a powdery NH 4 C1 can be 
provided, as the activator. 

For forming the coating gas, the mixture can be heated to a 
temperature of approximately 1,200°C. 

The discharging of the coating gas from the vessel and the 
acting upon the interior surface of the component to be coated 
can take place automatically under the effect of the force of 
gravity because the coating gas comprising essentially CrCl has a 
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higher density or specific gravity than the gases of the 
environment, such as the inert gas. By means of the heating, 
coating gas is therefore produced continuously without the 
requirement of further measures for generating or influencing the 
flow. 

The process can be carried out in an inert environment, in 
which, for example, Ar is used for the sweeping. 

As a component, a hollow turbine blade can be provided whose 
cavity is used for saving weight or for cooling and whose surface 
has to be protected against corrosion and/or sulfidizing. The 
latter occurs particularly in the case of hollow uncooled gas 
turbine components . 

In order to ensure a reliable protection against corrosion 
and sulfidizing, the diffusion layer is formed with a layer - 
thickness in the range of 2 5 /im and a chromium content in the 
range of from 17% to 2 0%. 

Furthermore, according to the invention, the solution is 
characterized by a device with a vessel for receiving a mixture 
of chromium granulates and an activator, such as powdery NH 4 C1, 
in whose bottom at least one outlet is provided for a coating 
gas; and a mechanism for holding the component such that the 
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outlet of the vessel is positioned in the area of the interior 
surface of the component, the device being arrangeable in a 
heatable retort for heating the mixture situated in the vessel to 
such a temperature that a coating gas is formed which essentially 
comprises CrCl . 

In order to ensure an advantageous discharge of the coating 
gas, the bottom of the container can extend in a diagonally 
sloping-down manner toward the outlet or can, for example, also 
be constructed in a funnel shape. 

Furthermore, the shape of the outlet can be adapted to the 
shape of a cavity of the component having the interior surface, 
in order to ensure a complete and loss -free action upon the 
interior surface by the coating gas. 

For creating an inert environment, the retort can have a gas 
feeding and a gas removing device for an inert gas, such as Ar, 
which is fed for sweeping the device and is discharged again. 

Particularly for longer coating times, for which the powdery 
activator, such as NH 4 C1, which is initially present in the 
mixture, is not sufficient, the vessel may have a feeding tube 
for a powdery or particularly also gaseous activator, through 
which, for example, a mixture of HC1 and Ar can be guided, 
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whereby additional coating gas is formed which essentially 
comprises CrCl . 

For improving the efficiency, a large number of devices can 
be arranged in the retort in order to permit the simultaneous 
coating of several components. For this purpose, the device can 
also have several outlets at the bottom. 

Additional embodiments of the invention are described in the 
subclaims . 

In- the following, the invention will be explained in detail 
by means of embodiments with reference to a drawing. 

Figure 1 is a schematic lateral view of a device by means of 
which a cavity of a component can be gas -phase -chromi zed; and 

Figure 2 is a schematic lateral view of an alternative 
embodiment of the vessel of the device of Figure 1 . 

Figure 1 is a schematic view of a device by means of which 
an interior surface 3 of a cavity 2 of a metallic component 1 can 
be chromized. The metallic component 1 is constructed as a 
turbine blade which has a cavity 2 with an interior surface 3 . 
The mixture 4 of chromium granulates and NH 4 C1 as the powdery 



activator, which forms the later coating gas, is fed into a 
vessel 5 of the device and there fills approximately half the 
volume of the vessel 5, which amounts, for example, to 
approximately 8 to 10 1, as illustrated by the dotted line 
representing the mixture 4. At the bottom 6 of the vessel 5, an 
outlet 7 is provided through which a coating gas indicated by 
means of arrows 8 is discharged from the vessel 5 during the gas- 
phase-chromizing . For the simultaneous coating of several 
(incomplete sentence - translator) 

The mixture 4 consists of approximately 99% by weight of 
chromium granulates with a particle size of between 5 - 2 0 mm and 
approximately 1% by weight of the powdery activator. The device 
is inserted into f a retort 14 and, for creating an inert 
environment, is swept with 1,000 1/h Ar. Cavities exist between 
the particles of the granulates. 

In a holding mechanism (not shown) , the turbine blade 1 is 
positioned such that the outlet 7 of the vessel 5 is arranged in 
the area of an opening 9 of the cavity 2 of the turbine blade 1. 

In the embodiment, the shape of the outlet 7 is adapted to the 
opening 9 to the cavity 2 such that the outlet 7 projects into 
the cavity 2 and thus ensures an optimal flowing of the coating 
gas 8 through the cavity 2 or an action upon the interior surface 
3 of the turbine blade 1 by means of the coating gas. The retort 
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14 has a heater (not shown) by means of which the mixture 4 in 
the vessel 5 is heated to such a temperature that the coating gas 
8 is formed which essentially comprises CrCl . 

Figure 1 also shows a gas feeding device 10 by means of 
which, as indicated by the arrows, an inert gas, such as Ar, is 
fed, by means of which the entire device is swept for creating an 
inert environment in the retort 14. As indicated by means of an 
arrow, the inert gas is continuously discharged by way a device 
11 . 

In the case of the process for gas -phase -chromi zing, the 
mixture 4 of chromium granulates and NH 4 C1 as the activator 
provided in the vessel 5 is heated by means of a heater to a 
temperature of approximately 1,2 00°C, so that a coating gas is 
formed which comprises essentially gaseous CrCl . The coating gas 
8 has a greater density or specific weight than the surrounding 
Ar or H 2 and, because of the effect of the force of gravity, 
automatically and continuously flows through the outlet 7 at the 
bottom 6 of the vessel 5; is guided in this manner to the cavity 
2 of the turbine blade 1; and there acts upon its surface 2 while 
forming a chromium- containing diffusion layer, which is indicated 
in Figure 1 by means of a dotted line. 

Because of the continuously forming coating gas 8 which 
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flows downward as a result of the force of gravity through the 
outlet 7, the described process takes place automatically. The 
coating temperature is held for a time period which can be varied 
as a function of the desired layer thickness. In the present 
embodiment of the process, the coating temperature is held for 10 
hours. In this case, a chromium- containing diffusion layer 12 is 
formed which has a layer thickness of 25 fim and a chromium 
content of 17%. 

Liquid CrCl, which is illustrated by a thick line marked 13 , 
can deposit on the bottom 6 of the vessel 5 . 

Figure 2 is a schematic view of an alternative embodiment of 
the device, in which only a modified vessel 5' is illustrated. 
Here also, a mixture 4 consisting of chromium granulates and an 
activator, such as NH 4 C1, is fed into the vessel 5 1 , the mixture 
4 consisting, for example, of approximately 99% by weight 
chromium granulates and approximately 1% by weight NH 4 C1 . 

The modification of the vessel 5* consists of a funnel- 
shaped bottom 6' which slopes down toward the outlet 7 provided 
in the center of the funnel . In the same manner as in the 
embodiment illustrated in Figure 1, the coating gas indicated by 
the arrow 8, after the heating of the mixture 4 to the coating 
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temperature of approximately 1 / 100°C / flows through the outlet 7 
and is guided in this manner for acting upon the interior surface 
of the metallic component into its cavity. Because of the 
funnel-shaped construction of the bottom 6', the gaseous CrCl as 
well as the possibly forming liquid CrCl can be discharged better 
through the outlet 7 or can flow off, can also reach the cavity 
and its interior surface and promote the forming of a chromium- 
containing diffusion layer. 

For the simultaneous coating of several components 1, the 
vessels 5 illustrated in Figures 1 and 2 can each have several 
outlets 7 on the bottom 6. Likewise, several devices can be 
installed in a retort 14 for this purpose. 
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CLAIMS: 



1. Process for chromizing an interior surface of a 
component 

characterized by- 
providing a mixture (4) of chromium granulates and an 
activator, 

heating the mixture (4) to such a temperature that a coating 
gas is formed which comprises an essentially gaseous CrCl, 
discharging the coating gas, 

acting upon the interior surface (3) of the component (1) by. 
means of the coating gas while forming a chromium- containing 
diffusion layer. 

2. Process according to Claim 1, 
characterized in that the mixture (4) is provided with 
approximately 9 9% by weight chromium granulates and approximately 
1% by weight activator. 

3. Process according to Claim 1 or 2 , 

characterized in that NH 4 C1 or HCL is provided as the activator. 

4 . Process according to one or more of the preceding 
claims , 
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characterized in that the mixture (4) is heated to a temperature 
of approximately 1,200°C. 

5 . Process according to one or more of the preceding 
claims, 

characterized in that the discharging of the coating gas and the 
action upon the interior surface (3) of the component (1) takes 
place automatically under the effect of the force of gravity. 

6. Process according to one or more of the preceding 
claims , 

characterized by an implementation in an inert environment. 

7 . Process according to one or more of the preceding 
claims, 

characterized in that a hollow turbine blade is provided as the 
component (1) . 

8 . Process according to one or more of the preceding 
claims, 

characterized in that the diffusion layer is formed with a layer 
thickness in the range of 2 5 fim. 

9. Process according to one or more of the preceding 
claims, 
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characterized in that the diffusion layer is formed with a 
chromium content in the range of from 17% to 20%. 

10. Device for chromizing an interior surface of a" 
component, having a vessel (5) for accommodating a mixture (4) of 
chromium granulates and an activator, at whose bottom (6) a least 
one outlet (7) for a coating gas (8) is provided, and having a 
mechanism for holding the component (1) so that, the outlet of 
the vessel (5) is positioned in the area of the interior surface 
(3) of the component (1) , the device being arrangeable in a 
heatable retort (4) for the heating of the mixture (4) situated 
in the vessel (5) to such a temperature that a coating gas is 
formed which comprises essentially CrCl . 

11. Device according to Claim 10, 

characterized in that the bottom (6) extends in a sloping-down 
manner toward the outlet (7) . 

12. Device according to Claim 10 or 11, 
characterized in that the bottom (6) has a funnel-shaped 
construction and slopes down toward the outlet (7) . 

13. Device according to one or more of Claims 10 to 12, 
characterized in that the shape of the outlet (7) is adapted to 
the shape of a cavity (2) of the component (1) which has the 
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interior surface (3) 



14. Device according to one or more of Claims 10 to 13, 
characterized in that the device can be arranged in a retort (14) 
with a gas feeding and gas removing device (10 and 11 
respectively) for creating an inert environment . 

15. Device according to one or more of Claims 10 to 14, 
characterized by a feeding tube (10) for a powdery or gaseous 
activator into the vessel (5) . 

16. Device according to one or more of Claims 10 to 15, 
characterized in that a plurality of devices can be arranged in 
the retort (14) . 
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ABSTRACT: 



A process and a device for chromizing an interior surface of 
a component, in which the interior surface to be coated is not 
brought in contact with a powder forming the coating gas, with 
the steps of: Providing a mixture (4) of chromium granulates and 
an activator; 1 heating the mixture (4) to such a temperature that 
a coating gas is formed which comprises an essentially gaseous 
CrCl; discharging the coating gas; and acting upon the interior 
surface (3) of the component (1) by means of the coating gas 
while forming a chromium- containing diffusion layer (Figure 1) . 
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